Abstract. Measurements of the concentration profiles of key stratospheric reactive, reservoir and source gases, C10, 0 3 , HC1, N20 and CC12F2, were made during two balloon flights in the Arctic on 27 January and 08 March 1995 that were part of the Second European Stratospheric Arctic and Mid-latitude Experiment (SESAME). On 27 January, low abundances of HC1 (-250 pptv at 50 hPa) were measured in air parcels that had been at temperatures below the type I PSC existence threshold accompanied by high concentrations of C10 (1.6ppb at 50hPa). Calculations using the currently recommended photochemical data yield a ratio
Introduction
Under the extremely cold conditions in the polar winter stratosphere, heterogeneous reactions involving HC1 and CION02 on the surfaces of polar stratospheric cloud (PSC) particles can release large amounts of reactive chlorine (2. e. C1, C10) from these reservoirs leading t o rapid chemical loss of ozone in the Arctic lower stratosphere during late winter and early spring [e.g.
WMO, 19951. Under these cold conditions, C10 exists
in equilibrium with the C10 dimer, C1202. Photolysis of C1202 produces C1 that propagates the chlorine catalyzed O3 loss cycle. Although this view of polar processes is widely accepted, observations and models of the partitioning of C1, between the HC1 and ClON02 reservoir gases prior t o heterogeneous processing have not been fully reconciled [ Webster et al., 1998; Chang et al., 1996; Engel et al., 19971 . Large uncertainties also remain in the model estimates of [ClZ02] , which has yet t o be measured. Jaegli et al. [1997] adopted the C1202 absorption cross section measurements of Huder and DeMore[1995] to analyze the stoichiometry of heterogeneous chlorine activation in the Antarctic. These cross sections lead t o photolysis rates of C1202 that are 40% slower than those derived from cross sections in the JPL97-4 compendium[DeMore et aZ., 19971. Piers o n et aZ. [1999] , using photolysis rates of C1202 faster than those derived from the Huder and DeMore [1995] cross sections but slower than those derived from the JPL97-4 cross sections, infer that the C1202/ClO equilibrium constant at 200K is significantly smaller than the value given in JPL97-4.
In this paper, we use measurements obtained using balloon-borne instruments t o examine, for the Arctic winter of 1995, the budget of inorganic and organic chlorine, the altitude variation of the degree of chlorine activation, and the speciation of activated chlorine between its various compounds. These observations constitute a comprehensive examination of key reactive, reservoir, and source chlorinated species over a wide range of altitudes in the Arctic vortex and should provide important constraints for future three-dimensional model studies of Arctic ozone.
Instrumentation and Observations
The observations reported here were made during balloon flights on 27 January and 08 March 1995 that were launched from the ESRANGE facility near Kiruna, Sweden (68"N, 21"E). Instrumentation included whole air samplers from the Forschungzentrum Julich (FZJ) and the submillimeterwave limb sounder instrument from the Jet Propulsion Laboratory (JPL). The FZJ whole air sampler [Bauer et al., 19941 col- lected ambient pressure samples during descent of the gondola that were subsequently analyzed using gas chromatography with electron capture detection for CC1zFz, CC13F, CzF3C13 and NzO. The JPL submillimeterwave limb sounder (SLS) is a high resolution heterodyne radiometer-spectrometer that measures atmospheric limb thermal emission spectra of C10, HC1, NzO, O3 and HN03 at frequencies near 600 GHz. Constituent profiles were retrieved by fitting a parameterized atmospheric radiance model to the flight averaged spectra [Stachnik et al., 19921. 
Meteorology
The lower stratosphere during the Arctic winter of 1994/1995 was characterized by persistent low temperatures. At 50 hPa, temperatures below the existence threshold of type I (nitrate-containing) PSCs were observed in the polar vortex from mid-December 1994 until late-February when a warming occurred. Vortex cooling accompanied by chlorine activation was again observed in early through mid-March 1995 [e.g. Manney et al. 19961 .
During and several days prior to the 27 January flight the cold center of the vortex at the 475K 0 level was located to the east of Kiruna over northern Russia.
During this flight, the SLS viewing direction was set t o place the 20 km height tangent point -300 km closer to the vortex cold center. The FZJ grab samples were collected ~2 5 0 k m southeast of Kiruna. An ECMWF (European Centre for Medium Range Weather Forecast) 10 day back-trajectory analysis shows that air parcels above Kiruna from 380K to 550K 0 on 27 January had been exposed to temperatures below the type1 PSC existence threshold.
In contrast, the flight on 08 March 1995 took place during warm conditions in the local lower stratosphere. Although the polar vortex was intact, low temperatures were now located over northern Canada and the 10 day trajectory analysis indicates that these air parcels were extra-vortex and had not recently been exposed to temperatures low enough for NAT PSC existence. Observations of [N20] on 27 January indicate that significant diabatic descent had occurred, as expected for air within the polar vortex. In contrast] the 08 March profile of [ N 2 0 ] exhibits little descent in comparison to the mid-latitude reference profile and is consistent with the trajectory analysis indicating that this flight sampled extra-vortex air. The close agreement between the SLS and FZJ observations of [N20] for both flights indicates that the instruments were sampling dynamically similar air parcels.
Results
The first step in examining the budget and activation of chlorine is t o establish the expected profile for [Cl,] , the sum of the chlorine contained in inorganic species including C10, Cl202, ClON02, HCl, HOC1, C1, etc. Two estimates of [Cl,] are shown in Figure 1 . . be constant with altitude at a value of 3520 ppt, the abundance of HC1 near the stratopause measured by ATMOSIATLAS-3 in November 1994 [Zander et al., 19961 . Due to the recent leveling of the temporal evolution of tropospheric chlorine and the relative uniformity of the age of stratospheric air, only a small gradient in Chlorine activation and the budget of chlorine are examined for both flights in Figure 3 -1
The ratio of [Cl*]/[Cl,] for 27 January 1995 shows that, to within the accuracy of the measurements, nearly all the available chlorine had been converted t o C10 and C1202 from the 70 hPa to the 45 hPa level. The 10 day temperature history for these air parcels (Figure 3 , right panel) indicates that air in this region had recently experienced temperatures below the type I PSC (NAT) existence threshold. Consequently, the levels of activated chlorine within the vortex are broadly consistent with expectation based on heterogeneous processing on PSCs. In this "activated" region, [HCl] [ClO] . This uncertainty complicates identification of the upper altitude of the region of chlorine perturbation and precise determination of the fraction of available chlorine that is activated. Our observations suggest that the photolysis rate of C1202 must be larger than that derived from the cross sections of Huder and DeMore[1995] , a result consistent with the conclusions of Pierson et al.[1999] . Clearly better laboratory definition of kinetics related to C1202 would enhance the quantitative analysis of observations of [ClO] obtained under cold conditions in the wintertime voritices.
The data obtained for extra vortex conditions on 8
March 1995 exhibit a distribution qualitatively similar to that observed at mid-latitudes [e.g. Zander et al.,1996] 
